Introduction. The aim of this study is to evaluate the utility of digital examination in addition to ultrasonic measurement of cervical length for predicting spontaneous preterm delivery in women with threatened preterm labor. Material and methods. This was a prospective cohort study in Strasbourg University Hospital, France, between January 2013 and January 2015. All women with a singleton pregnancy hospitalized with threatened preterm labor between 23 and 34 weeks of gestation were included. Cases of iatrogenic preterm delivery were excluded. A multivariable logistic regression model to estimate the significant predictive parameters of spontaneous preterm delivery was performed. The primary endpoint of our study was a preterm birth before 34 weeks of gestation. Results. A total of 395 women were included in our study. The rate of preterm delivery before 34 weeks was 13%. In univariate analysis every single cervical parameter assessed by the digital examination and all the ultrasound parameters were significantly associated with preterm delivery. The final model included five variables predicting preterm birth: visualization of the membranes at the speculum examination (OR 15.8, 95% CI 2.43-146), ultrasound cervical length (OR 0.82, 95% CI 0.75-0.89), signs of inflammation (OR 6.23,, gestational age on admission (OR 0.84, 95% CI 0.71-1.0), and presence of vaginal infection (OR 4.28, 95% CI 1.52-12.7). None of the cervical parameters assessed by the digital examination provided additional predictive value of preterm delivery. Conclusion. Our study suggests that digital examination does not add to the information given by vaginal ultrasound evaluation in predicting preterm labor.
Introduction
Prematurity is the main contributing factor in perinatal morbidity and mortality (1, 2) . The rate of preterm deliveries has not decreased in the last 20 years: in 2012 preterm births still accounted for 6.8% of all deliveries in France (3) and 11.5% in the USA (4) . There are two
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Digital examination does not add to the information given by vaginal ultrasound evaluation in predicting preterm labor. clinical subtypes: spontaneous preterm delivery and medically indicated preterm birth (5) . For women presenting in preterm labor, treatment usually consists of hospitalization, tocolysis (6) , and corticosteroid therapy for fetal lung maturation (7) .
The diagnosis of preterm labor is still unreliable, which may result in significant over-treatment. It should be noted that fewer than 10% of in-patients with a diagnosis of threatened preterm labor will eventually deliver within one week (8) . It is therefore important to make a clinical distinction between women with "eventual preterm birth" and those with "eventual term birth".
Cervical examination and uterine contraction frequency (8, 9) are the parameters most commonly used to diagnose threatened preterm labor. However, their sensitivity and specificity are poor. Other markers have been developed, for example endovaginal ultrasound cervical length where a 25-mm cut-off length has better sensitivity (41 vs. 60%) and better specificity (77 vs. 85%) compared with cervical examination with a 16-mm cut-off length (10, 11) . Nevertheless, digital cervical examination may still provide significant clinical information not accessible with ultrasound examination: fetal station, position and possibility to push back the presenting part, and consistency, as well as allowing appraisal of the lower segment.
Despite an extensive literature, only a few studies have evaluated the combination of both digital examination and endovaginal ultrasound cervical length for predicting preterm birth. One study compared cervical examination combined with ultrasound cervical length vs. ultrasound alone and suggested that the combination of the two techniques was significantly more specific (42 vs. 62%, p < 0.05) than endovaginal ultrasound alone (12) .
Our objective was to evaluate the utility of cervical examination in addition to ultrasound cervical length for predicting spontaneous preterm delivery in women with threatened preterm labor.
Material and methods
This was an observational prospective cohort study of inpatient women with threatened preterm labor in the two maternity units of the Strasbourg University Hospital: "Centre M edico-Chirugical et Obst etrical" (maternity level two), Schiltigheim, France, and "Hôpital de Hautepierre" (maternity level three), Strasbourg, France. The period of recruitment was 1 January 2013 to 1 January 2015. The follow-up period was 1 January 2013 to 1 April 2015. All data were collected prospectively using the electronic medical record system Diamm â (Micro 6, Nancy, France) based on prespecified items. The study was approved by the French National Commission on Informatics and Liberty (Commission Nationale de l'Informatique et des Libert es) under number 1840561v0. All women gave their informed consent at the time of screening in accordance with our institutional review board policies. All women with singleton pregnancies hospitalized with threatened preterm labor and intact membranes, at between 23 and 34 weeks' gestation were enrolled. Exclusion criteria were repeated hospitalization, fetal demise, congenital fetal abnormality, placenta previa, placenta abruption, unsure gestational age, cervical cerclage, uterine malformation, conization, intrauterine growth restriction, preeclampsia, rupture of membranes or medically indicated preterm delivery before 37 weeks' gestation. The intrauterine growth restriction was defined by an estimation of fetal weight less than 10th percentile in the French national curves (13) as recommended by French national recommendations (14) . The estimation of fetal weight was done using the Hadlock formula (15) .
The primary outcome was spontaneous preterm delivery before 34 weeks' gestation. Secondary outcomes were two separate criteria "deliveries before 37 weeks' gestation" and "deliveries within seven days of admission". Threatened preterm labor was defined as the combination of regular uterine contractions at a rate of more than two in 10 min, as confirmed by external uterine tocometry, and cervical shortening, defined as an ultrasonically measured cervical length of less than 25 mm, at between 23 and 34 weeks' gestation. Gestational age was established according to the crown-rump length measured by ultrasound during the first trimester of pregnancy (16) . All the women were assessed and followed up by experienced maternal-fetal medicine physicians.
On admission, all the women underwent sterile speculum examination of the vagina and cervix. An insulin-like growth factor-binding protein 1 (IGF-BP-1) Prom test â (Toda Pharma, Strasbourg, France) was performed if there was any doubt about rupture of the membranes. A vaginal sample was taken to test for group B streptococcus, Gardnerella, and other pathological microorganisms. A urinary specimen was routinely taken. Blood tests were performed to screen for signs of inflammation defined by leukocytes >15 9 10 9 /L and C-reactive protein >10 mg/L. The cervix was assessed clinically by digital examination. The parameters studied were cervical dilation, effacement, position, consistency, and station of the presenting part. The Bishop Score (17), a composite measure that assigns a score of zero to two points to each of five cervical characteristics (length, dilatation, position, consistency, and station of the presenting part) was then calculated.
Cervical ultrasound was performed transvaginally with a Voluson 1440772 (Voluson â , GE Healthcare Medical System, Boston, MA, USA) using a high-frequency probe (5-9 MHz) with women in the gynecological position after prior voiding of their bladders. After clearly identifying the entire cervical canal in sagittal section, the probe position and pressure were adjusted. Cervical length, considered the shortest distance between the internal os and the external cervical os, was measured using the technique described by Andersen et al. (18) . The following parameters were obtained: endocervical length, presence or absence of funneling ("V-shaped" or "U-shaped"), and modification of endocervical length with abdominal pressure. An abdominal ultrasound was systematically performed to assess fetal vitality and growth, amniotic fluid quantity, and placenta position. Data collected on enrolment also included demographic characteristics and pregnancy variables.
Women with a diagnosis of threatened preterm labor were treated according to a standardized protocol that consisted of hospitalization for at least 48 h, tocolytic therapy and intramuscular betamethasone. A calcium-channel blocker (Nifedipine â , EG labo, Bad Vilbel, Germany) was used as a first-line tocolytic therapy: one 10-mg tablet every 15 min until contractions stopped (maximum: four tablets) and then one 20-mg sustained-release tablet every 8 h for 48 h. If Nifedipine â was contraindicated or uterine contractions persisted, Atosiban â was used. Atosiban â (PAnpharma, Luitré, France) was initiated as a 0.9-mL bolus followed by infusion of 0.162 g/h for 3 h followed by 0.054 g/h for 6 h. Depending on the clinical response, the infusion could be continued for 48 h. Maternal corticosteroids were routinely given (two 12-mg doses of intramuscular betamethasone 24 h apart) for fetal lung maturation. Antibiotics were given if there was evidence of urinary or vaginal infection, the choice being determined by antibiotic susceptibility. Care of the women was not standardized after initial management. Multiple logistic regression analysis was applied to investigate the association between cervical digital examination and cervical ultrasound length parameters and the likelihood of preterm birth. Descriptive data are presented as mean and 95% confidence interval for continuous variables and percentages for categorical variables.
We compared the characteristics and obstetric variables of the women with preterm delivery and delivery within seven days or before 34 and 37 weeks' gestation, using a univariate logistic regression. Variables for which the p-values were <0.2 were selected as potential confounding variables and were included in the multivariable model. Akaike's information criterion was used to select the optimal fitted model.
Based on the results of the regression analysis, prediction models then were constructed using all clinical variables that were associated independently with each outcome variable; sensitivity, specificity, and prediction accuracy were calculated. We then plotted receiver operating characteristic (ROC) curves. Performance of our models was assessed using area under the ROC curve (AUROC) and compared with the method described by Delong et al. (19) The ROC curves were derived from the corresponding logistic regression models. Bootstrap resampling was performed to test the validity of our model. Data were analyzed using R Studio R version 3.1.2 (2014-10-31, https://cran.r-project.org/). A p-value of <0.05 was considered statistically significant. Positive and negative likelihood ratios were calculated within 95% confidence intervals.
Results
During the enrolment period, 530 women were hospitalized with threatened preterm labor. A total of 135 women were excluded: 18 (Figure 1 ). Eight women (2%) were lost to follow up. The final population was 387 women. The overall rate of preterm delivery before 34 weeks' gestation was 13% (n = 52). Rates of delivery before 37 weeks and seven days following enrolment were 28% (n = 110) and 10% (n = 39), respectively. Maternal demographics for the women who delivered before and after 34 weeks are displayed in Table 1 . There was no significant between-group difference with respect to women demographics except for prior term birth (>37 weeks' gestation) (p = 0.04).
On univariate analysis, every single cervical parameter assessed by digital examination was significantly associated with occurrence of preterm delivery before 34 weeks' gestation, as was the Bishop score [odds ratio (OR) 1.52; 95% confidence interval (CI) 1.3-1.8; p < 0.01]. The mean cervical length was significantly shorter, with a higher rate of funneling and modification of the internal os consecutive with abdominal pressure for women who delivered before 34 weeks (respectively OR 0.8, 95% CI 0.8-0.9; p < 0.01; and had OR 5.0, 95% CI; 2.6-9.4; p = 0.04; OR 4.1, 95% CI; 2.1-8.2; p < 0.01). The other parameters significantly associated with preterm delivery before 34 weeks in univariate analysis included signs of inflammation, vaginal infection, hospitalization in a tertiary center and referred women. (Table 2) .
On multivariate analysis, only five variables were independently associated with preterm delivery before 34 weeks (Table 3) . None of the cervical parameters assessed by digital examination provided additional predictive warning of preterm delivery in the multivariable model with cervical length determined by ultrasound.
The ROC curve was plotted with using five variables (ultrasound cervical length, gestational age on admission, signs of inflammation, vaginal infection and presence of membranes on speculum exam) for endpoint preterm delivery (≤34 weeks' gestation). The AUROC was significantly above the 45°diagonal line of unity (AUROC 0.83, 
Secondary outcomes
Cervical digital examination parameters did not improve either the prediction of delivery before 37 weeks or within seven days of enrolment of women when added to other parameters including ultrasound measurement of cervical length (data not shown).
Discussion
Our study shows that, on univariate analysis, cervical parameters assessed by digital examination can predict preterm delivery in the event of threatened preterm labor. However, on multivariate analysis, digital examination does not add any significant predictive value when combined with other prognostic factors including speculum examination and ultrasound cervical length measurement.
This was an observational prospective study specifically designed to assess the utility of digital examination combined with ultrasound cervical length measurement in women presenting with threatened preterm labor. The definition of preterm labor as well as its initial treatment were homogeneous and potential confounding variables were collected prospectively. Several outcomes of interest were analyzed: preterm delivery before 34 weeks, before 37 weeks, and within seven days. Nevertheless, our study had some limitations: care of the women was not standardized after initial management, and tocolysis, in particular, may have been continued in some cases. However, this bias is limited since it has been demonstrated that the main effect of tocolysis occurs during the first 48 h of treatment (16) .
The external validity of our study must be questioned, too, especially because there is no consensus about the definition of threatened preterm labor. In our study, threatened preterm labor was defined as regular uterine contractions at a rate of more than two in 10 min combined with cervical shortening as defined by an ultrasound cervical length of less than 25 mm, in women between 23 and 34 weeks' gestation. We did not evaluate, for instance, the utility of cervical examination in women with cervical shortening but no contractions, or with cervical contractions but no cervical shortening.
Ultrasound cervical length is an established predictor of preterm delivery in women with threatened preterm labor (10) . Since the introduction of endovaginal ultrasonic cervical length measurement with dilation of the internal cervical os, several studies have shown that this method has a good predictive value in women with preterm contractions (11, 20) . Ultrasound can assess cervical modifications more accurately than digital examination (18, 21, 22) . However, only two studies have assessed the combination of both investigations for predicting preterm delivery (12, 21) .
The study by Gomez et al. (21) in 1994 found that digital examination in addition to ultrasonic cervical length measurement was of no utility for predicting preterm delivery in 59 women. Multivariate analysis revealed that only the gestational age on admission, ultrasound cervical length, and the cervical index [(funnel length + 1)/cervical length] were predictive of preterm delivery. However, this study had some limitations, especially its small sample size, and a medical management strategy including systematic amniocentesis, which itself is capable of inducing preterm delivery.
The study by Schmitz et al. (12) in 2008 analyzed the performance of a test combining Bishop's score and ultrasound cervical length for predicting preterm delivery. This test had a better specificity compared with ultrasound cervical length alone, although sensitivity was not improved. However, the authors only evaluated the Bishop's score and not all the parameters assessed by digital examination of the cervix. They also failed to include the findings of the speculum examination. Finally, they did not perform multivariate analysis with adjustment for confounding factors.
Digital examination has several limitations. First, digital examination does not have good interobserver reproducibility (23) . On the other end, vaginal digital examination has long been performed to determine the cervical maturity, which predicts imminent delivery. The Bishop's score still is popular in practice to the cervical maturity but it was devised originally to predict "term" delivery (17) . Whether findings of digital examination contribute to better prediction of eventual preterm birth is not fully examined. Moreover, assessment of most of the parameters (consistency, position of the cervix and station of the presentation) is subjective. Lastly, cervical length does not contribute more to the score than the other four parameters, although it is the most accurate (24) . Another problem with digital examination is that assessing the degree of internal os dilation requires placing the examining fingers in close proximity to the fetal membranes and may thus increase the risk of infections (25, 26) by destroying the protective mucous cervical plug and possibly transmitting bacteria to the amniotic membranes. Lenihan et al. (27) found that repeated cervical examinations were associated with a higher risk of premature rupture of membranes in a randomized trial setting. Main et al. (28) did not find an increased adverse outcome with frequent cervical examinations in women at risk of preterm delivery. These studies concluded that digital examination of the cervix is subjective and is accompanied by limitations and potential risks.
Ultrasound examination of the cervix provides a more objective and less invasive method to assess cervical status. It provides information about cervical length, presence of funneling, and dynamic changes in cervical morphological features in response to uterine contractions or transfundal pressure (22, (29) (30) (31) (32) . It should be noted that in our study the most important parameter in the ultrasound investigation was cervical length, but that dilation of the internal os detected by ultrasound was also associated with preterm delivery (33) . This method is more reproducible and more precise than digital examination. Of course, this implies the availability of an ultrasound machine and specific operator training.
Combined with ultrasonic cervical measurement, digital examination is of no utility because even though it allows assessment of other parameters (consistency, position, etc.), all these parameters are correlated to the ultrasound cervical length. Furthermore, cervical length, which is the strongest predictive parameter, is better assessed by ultrasound than by digital examination (34) .
Conclusion
Our study suggests that digital examination does not add to the information given by vaginal ultrasound evaluation in predicting preterm labor.
A randomized trial comparing the two different approaches in the assessment of threatened preterm labor (ultrasound + cervical examination vs. ultrasound alone) should be conducted to determine their clinical relevance and the potential risk of bacterial transmission due to cervical examination.
